BACKGROUND: Depression is common among individuals with osteoarthritis and leads to increased healthcare burden. The objective of this study was to examine excess total healthcare expenditures associated with depression among individuals with osteoarthritis in the US. DESIGN: Adults with self-reported osteoarthritis (n= 1881) were identified using data from the 2010 Medical Expenditure Panel Survey (MEPS). Among those with osteoarthritis, chi-square tests and ordinary least square regressions (OLS) were used to examine differences in healthcare expenditures between those with and without depression. Post-regression linear decomposition technique was used to estimate the relative contribution of different constructs of the Anderson's behavioral model, i.e., predisposing, enabling, need, personal healthcare practices, and external environment factors, to the excess expenditures associated with depression among individuals with osteoarthritis. All analysis accounted for the complex survey design of MEPS. KEY RESULTS: Depression coexisted among 20.6 % of adults with osteoarthritis. The average total healthcare expenditures were $13,684 among adults with depression compared to $9284 among those without depression. Multivariable OLS regression revealed that adults with depression had 38.8 % higher healthcare expenditures (p<0.001) compared to those without depression. Postregression linear decomposition analysis indicated that 50 % of differences in expenditures among adults with and without depression can be explained by differences in need factors. CONCLUSIONS: Among individuals with coexisting osteoarthritis and depression, excess healthcare expenditures associated with depression were mainly due to comorbid anxiety, chronic conditions and poor health status. These expenditures may potentially be reduced by providing timely intervention for need factors or by providing care under a collaborative care model.
INTRODUCTION
Arthritis is a chronic rheumatic condition and contributes to high rates of disability and healthcare expenditures. [1] [2] [3] Approximately 22 % of the US adult population has been reported to have some type of arthritis. 4 Osteoarthritis is the most common type of arthritis. With increasing obesity, physical inactivity and an aging population, the prevalence of osteoarthritis and its consequent economic burden is likely to increase in the US. 5 Depression and depressive symptoms are common among individuals with osteoarthritis, [6] [7] [8] as osteoarthritis causes chronic pain and disability, which are both underlying factors for depression. 7 The prevalence of depression among individuals with arthritis can be very high, ranging from 17 to 27 %, depending on the type of arthritis and definition of depression. [9] [10] [11] [12] It has been estimated that among adults in the age group of 54-65 years, 18.1 % of major depression is attributable to arthritis. 10 A greater proportion of individuals with osteoarthritis are reported to have depression (12.4 %) as compared to individuals without osteoarthritis. 8 Although several studies have examined the excess healthcare expenditures associated with depression in other chronic conditions such as diabetes, cardiovascular disease (CVD), and asthma, [13] [14] [15] no previous US study has estimated excess healthcare expenditures associated with depression among individuals with osteoarthritis or factors that contribute to these excess expenditures.
Such excess expenditures due to depression can be due to presence of multimorbidity among individuals with osteoarthritis. Individuals with osteoarthritis often report comorbidities such as diabetes, cardiovascular disease, hypertension, depression, respiratory disease and obesity. It is also evident from the previous literature that individuals with osteoarthritis have at least two comorbid conditions and three-fourths of the individuals with osteoarthritis have three or more comorbid conditions. 16 The presence of Multimorbidity and depression among individuals with osteoarthritis can lead to increased pain and functional disability, 17 which in turn may contribute to excess healthcare expenditures among adults with osteoarthritis and depression compared to those with osteoarthritis and no depression.
It is important to examine excess healthcare expenditures associated with depression, because many new policy initiatives have focused on care management of high-cost, high-need patients to improve quality and reduce future costs. The Patient Protection and Affordable Care Act (PPACA) has also created incentives for providers through shared savings programs within accountable care organizations to provide collaborative care with reduced cost. Policy makers are also experimenting with various reimbursement initiatives, such as bundled payments for episodes of care to reduce costs. All these financial reforms require the identification of high-cost, high-need patients. An understanding of factors that contribute to high healthcare expenditures among those with complex healthcare needs, such as those with co-occurring osteoarthritis and depression, may help providers in developing and implementing appropriate care management with reduced costs.
Therefore, the primary objective of the current study is to estimate excess total healthcare expenditures associated with depression among a nationally representative sample of US adults with osteoarthritis, and examine the extent to which individual-level factors contribute to the excess total healthcare expenditures associated with depression by using a post-regression linear decomposition approach.
METHODS

Analytical Framework
The Andersen's behavioral model for healthcare services utilization was adopted to provide a conceptual framework to the study. 18 This model has been used extensively to examine the relationship between predisposing, enabling, need, personal health practices, and external environment factors, and healthcare services utilization and expenditures. The model posits that healthcare service utilization (in this study, it is in the form of total healthcare expenditures) can be predicted through individual level factors: 1) predisposing-gender, race, and age; 2) enabling-marital status, education, employment, poverty status, insurance coverage, and usual source of care; 3) need-perceived physical and mental health status, anxiety, presence of cardiovascular conditions, and other chronic conditions; 4) personal health practices-body-mass index (BMI), exercise, and smoking status; and 5) external environment-metro versus non-metro residence.
Design
We used a retrospective cross-sectional design.
Data Source
We used data from the 2010 Medical Expenditure Panel Survey (MEPS), a large-scale nationally representative survey of US households, families and non-institutionalized individuals. Using a panel design, the survey collects information on healthcare utilization, expenditures associated with these services, and the sources of payment. 19 The survey also elicits information on medical and mental health conditions. 20, 21 This information is collected verbatim and converted into International Classification of Disease, Ninth edition, Clinical Modification (ICD-9-CM) codes by professional coders. These ICD-9-CM codes were further converted in clinical classification codes, and for the purpose of this study, either or both of them were used. 22 
Analytical Sample
The analytical sample consisted of adults with osteoarthritis (n=1881). Individuals with osteoarthritis were identified using clinical classification code B203.^These individuals were 22 years or older, alive during the calendar year, and reported having positive healthcare expenditures. Individuals with osteoarthritis and depression were identified using both full-year consolidated data files and medical condition files.
Measures
Dependent Variable: Total Healthcare Expenditures. Total healthcare expenditures consisted of payments made for hospital inpatient stays, emergency room visits, outpatient visits, office-based medical provider visits, prescription drugs, dental visits, home health visits and other medical expenses. 22 Other medical expenses included ambulatory care, vision and dental care, durable medical equipment, and other items such as hearing devices, medical equipment, etc., that are purchased or rented. MEPS captured payments for these services from the following sources: Medicare, Medicaid, TRICARE (a health care program offered by the Military Health System for active duty service members, National Guard and Reserve members, their families, survivors, and certain former spouses), Veterans Affairs including CHAMPVA (Civilian Health and Medical Program of the Department of Veterans Affairs), and other federal, state and local sources, out-ofpocket expenses, private insurance, worker's compensation and other unclassified resources.
Key Independent Variable: Presence of Depression. The presence of depression was identified from medical condition file using the clinical classification code B657^or ICD-9-CM code B296^or B311,^which represents both bipolar and depressive disorders.
Other Independent Variables. Other independent variables were: predisposing, enabling, need, personal health practices, and external environment factors, as suggested by Anderson behavioral model. Predisposing factors were gender (female, male), race (white, African Americans, Latino, and others), and age (22-39, 40-49, 50-64, and 65 years and older). Enabling factors included marital status (married, widow, separated/divorced and never married), education (less than high school, high school and more than high school), employment (employed, not employed), poverty (poor, near poor, middle income and high income), insurance coverage (private, public and uninsured), and usual source of care. The poverty status variable was defined using the federal poverty level (FPL), which uses family size and composition. Poor was defined as incomes less than the FPL, near poor as 100 % to less than 200 % of the FPL, middle income as 200 % to less than 400 % of the FPL, and high income as 400 % of the FPL or greater. Need factors included perceived physical and mental health status (excellent/very good, good, and fair/poor), anxiety (anxiety and no anxiety), chronic conditions (presence of zero, one, two, the or more chronic conditions) such as anemia, asthma, human immunodeficiency virus (HIV), cancer, and thyroid disorder, and presence of cardiovascular conditions (yes, no) such as hypertension, diabetes, and heart disease. Personal health practices included BMI (under/normal weight, overweight, and obese), physical activity (three times per week, and no exercise), and smoking status (current smoker and others). External environment included metro status (metro and no metro).
Statistical Analysis
Chi-square tests were used to examine unadjusted subgroup differences in the characteristics of those with depression and osteoarthritis as compared to those without depression. Ordinary least square regression (OLS) on log-transformed expenditures was used to evaluate the magnitude of the association between depression and healthcare expenditures. In this regression, predisposing, enabling, need, personal healthcare practices, and external environment factors were included as other independent variables.
To better understand the contribution of each patient level factor to the differences in expenditures among adults with and without depression, a post-regression linear decomposition was performed. This technique, known as "linear decomposition," was developed by Blinder-Oaxaca. 23, 24 The decomposition technique enables investigators to assess how much of the differences in expenditures of the two groups (depression and no depression) may be due to: 1) observable and measured factors, such as predisposing, enabling, need, personal health practices, and external environment factors; 2) unobservable (such as genetic disposition for severe depression) and other unmeasured factors in this study; and 3) an interaction that accounts for the differences in the characteristics and regression coefficients that may exist simultaneously. 25 The interaction term can be included either in the explained portion or in the unexplained portion. The choice is left to the analysts based on interpretation rather than statistics. We included the interaction term in the unexplained portion, because part of the difference is also due to differences in regression coefficients.
The decomposition approach categorizes healthcare expenditures into an Bexplained portion^and an Bunexplained portion.^The explained portion is calculated by multiplying the differences in characteristics by estimated regression coefficients of these characteristics. Regression coefficients, also referred to as regression weights, could be based on regression coefficients derived from OLS regression among adults with depression or regression coefficients derived from OLS regression among adults without depression. To counter this problem, regression estimates from OLS regression among adults with and without depression can be used. In this paper, Neumark's approach is used. 26 In this approach, regression coefficients are derived by pooling observations from the two groups without controlling for depression. All analyses accounted for the complex survey design of MEPS, and were conducted using Statistical Analysis Software (SAS) version 9.3, Cary, NC, USA. Surveymeans, surveyfreq, and surveyreg procedures were used in SAS to account for clustering, stratification, and weights.
RESULTS
Among adults with osteoarthritis, approximately 21 % had coexisting depression. The characteristics of the sample differed by depression status. As compared to individuals without depression, those with depression had a higher proportion of females (62.9 % vs. 75.8 %), individuals between 50 and 64 years of age (36.8 % vs. 50.0 %), and those who were poor (10.2 % vs. 15.7 %), obese (36.7 % vs. 47.0 %), and current smokers (11.1 % vs. 23.5 %).A higher proportion of individuals with depression reported fair/poor perceived physical health (42.8 % vs. 20.9 %), fair/poor perceived mental health (32.7 % vs. 8.6 %), anxiety (26.7 % vs. 9.4 %), and two or more chronic conditions (31.6 % vs. 23.2 %), as compared to individuals without depression. Chi-square tests revealed significant subgroup differences in the characteristics of the two groups for all domains of the Andersen's model (Table 1) . Figure 1 presents the average total healthcare expenditures among individuals with and without depression. Among individuals with osteoarthritis, the average total healthcare expenditures were approximately $13,684 for those with depression, compared to $9,285 for those without depression. Table 2 presents results from separate OLS regressions on log-transformed total healthcare expenditures for those with and without depression. The regression coefficient of depression (or any categorical variable) can be interpreted by exponentiating the regression coefficients of a dummy variable and subtracting one (i.e., percent change=e β -1). After adjusting for predisposing, enabling, need, personal health practices, and external environment factors, adults with depression had 38.8 % (β=0.328, p<0.001) greater healthcare expenditures compared to those without depression. Separate OLS regressions among those with and without depression revealed that the association between expenditures and subject characteristics was not similar. For example, the uninsured had lower healthcare expenditures compared to Table 3 summarizes the results from the post-regression linear decomposition approach. The predicted logtransformed expenditures were 8.83 for adults with depression and 8.25 for adults without depression, suggesting a difference of 0.548. Of this difference, 53.84 % was explained by the differences in the characteristics of the two groups. This difference varied from 53.84 % when parameter estimates from OLS regression among individuals with depression were used as weights, to 36.87 % when parameter estimates from OLS regression among individuals without depression were used as weights. When parameter estimates from pooled OLS regression were used as weights, 52.6 % of the difference in average total healthcare expenditures was explained by all the individual level factors included in the study. In our analysis, 16.98 % of the differences were due to the interaction term.
Among patient level variables, need factors contributed the most to the total explained difference. This difference varied from 52.87 % when parameter estimates from OLS regression among individuals with depression were used as weights, to 50.91 % when parameter estimates from OLS regression among individuals without depression were used as weights. When parameter estimates from pooled OLS regression were used as weights, 58.88 % of the difference in average total healthcare expenditures was explained by need factors included in the study.
Explained portions of predisposing, enabling, personal health practices and external environment had negative signs. These negative signs suggest that, keeping other factors constant, if the Bdepression^group had the same distribution of characteristics as the Bno depression^group (predisposing, enabling, personal health practices, and external environment factors), the total healthcare expenditures of individuals with depression would be higher.
DISCUSSION
We estimated excess total healthcare expenditures associated with depression among adults with osteoarthritis, and elicited patient level factors contributing to excess total healthcare expenditures. We found that among individuals with osteoarthritis, those with depression had approximately 38.8 % greater total healthcare expenditures compared to those without depression, even after adjusting for predisposing, enabling, need, personal healthcare practices, and external environment factors.
It is plausible that individuals with co-occurring chronic physical conditions and depression (i.e., osteoarthritis and depression) may have more medical care utilization than individuals with only physical conditions (i.e., osteoarthritis). It has been documented in a study on veterans with diabetes that those with mental health conditions such as depression may incur higher direct general medical care costs than costs for mental healthcare. 27 Among Medicare beneficiaries with common chronic conditions, co-occurring depression more than doubled the odds of hospital admissions for medical care. 28 The results from post-regression linear decomposition indicate that the explained portion varied from 53.84 % when regression coefficients from the osteoarthritis and depression group were used, to 36.87 % when regression coefficients from the osteoarthritis group were used. Using the pooled regression weights, 58.88 % of the difference in total expenditures was explained by the need factors. In our study sample, adults with depression were more likely to report fair/poor physical health compared to those without depression. It is possible that adults with depression may perceive their physical health to be fair/poor due to depressive symptoms and functional limitations due to depression. Individuals with fair or poor perceived health status may need greater medical care leading to greater healthcare expenditures, compared to individuals with excellent perceived physical healthcare status.
Thus, the explained portion quantified how much of total healthcare expenditures would be reduced if adults with osteoarthritis and depression had need factors similar to those of adults with osteoarthritis and no depression.
However, when we weighted the differences in characteristics by the regression coefficients from the osteoarthritis group, we found that 50.91 % of the expenditure gap was explained by need factors such as perceived physical and mental health, anxiety, presence of cardiovascular, and other chronic conditions. Thus, the extent to which the excess expenditures could be reduced would depend not only on equalizing the need factors between the two groups, but also on the relationships between need factors and healthcare expenditures.
An important point to note here is the presence of multimorbidity in those with depression. In our study sample, adults with depression had higher rates of co-existing CVD It is also evident from the results of a systematic review of 45 studies that receiving collaborative care as compared to usual care has been found to be beneficial among those with major depressive disorder for improving the treatment outcomes such as adherence and functional status, and for reducing the financial burden. 31 It has to be noted that the demonstration projects for providing coordinated care for high-cost and highneed patients have also proven to be cost-effective. Specifically, the Massachusetts General Physicians Organization (MGH), which targeted patients with multiple chronic conditions and high cost, has been shown to reduce costs and improve care. 32 Findings in this study can be interpreted after considering its strengths and limitations. The main strengths of our study are the use of a large nationally representative data set, a comprehensive list of independent variables that may affect expenditures, and availability of healthcare expenditures from all sources. We contributed to the knowledge base on this topic by examining the extent to which individual level factors contributed to the excess expenditures among individuals with arthritis using a post-regression linear decomposition technique. However, certain limitations associated with our study should be noted. All measures were self-reported and may be subject to recall bias. Nearly 50 % of excess healthcare expenditures associated with depression remained unexplained. We could not adjust for other factors, such as severity of osteoarthritis and depression. Inclusion of these factors could have increased the explained portion of excess expenditures associated with depression. Additionally, the decomposition technique may provide quantitative results by distinguishing between the explained and unexplained portions of the differences in healthcare expenditures; it does not address the underlying mechanisms, nor does it identify the reasons for differences in average characteristics between the two groups.
CONCLUSION
This is the first study to use nationally representative data to estimate healthcare expenditures associated with depression among individuals with osteoarthritis. We found that depression is associated with 38.8 % higher expenditures in individuals with osteoarthritis. By using a linear-decomposition approach, we also identified that higher prevalence of need factors, such as poor perceived health status, anxiety, other chronic conditions and CVD, explained 52 % of the excess expenditures. Our findings suggest that routine screening and a collaborative care approach may be needed to prevent clinical depression and reduce the depression-associated costs.
